Previous studies have shown that transcription factors, AP1 and NFκB exert important roles in the process by which selenium regulates spermatogenesis. Glutathione, an intracellular thiol, acts as a source of reducing power and aids in maintenance of the cellular redox status. The activities of selenium are closely related to the availability of glutathione. Presently, mouse testicular cells were cultured in the presence of BSO, a known glutathione depletor, to generate oxidative stress. Selenium (Se) was added as sodium selenite to these cells at concentrations of 0.5 μM and 1.5 μM. It was observed that at 1.5 μM, Se acted as a pro-oxidant and significantly decreased the redox ratio. RT PCR analysis revealed that cjun, cfos expression increased in testicular cells cultured with Se compared to control. However, the major outcome was that the combined effect of Se supplementation and GSH depletion resulted in reduced expression of cjun and cfos while p65 expression increased. This suggests that selenium affects both these transcription factors differently. Our study indicates that though low levels of oxidative stress generated by moderate doses of selenium augments the expression of cjun and cfos, a robust increase in the ROS generation caused by the dual effect high levels of selenium and glutathione depletion leads to decrease in the expression of these genes. The present work substantiates our in vivo experiments and indicates the detrimental effect of excess selenium supplementation on male fertility.
INTRODUCTION
Oxidative stress due to excessive generation of reactive oxygen species (ROS) has been associated with defective sperm function and infertility (Sharma and Agarwal, 1996; Agarwal and Saleh, 2002) . Selenium (Se), a essential trace element, plays an important role in the process of sperm development in mammals. It forms an important constituent of the enzyme glutathione peroxidase (GSH Px) which is actively involved in the removal of both organic and inorganic peroxides (Rotruck et al., 1973) . Selenium deficiency results in loss of GSH Px activity (Shalini and Bansal, 2005) and increase in oxidative stress.
Glutathione (GSH), a ubiquitous tripeptide thiol, is a vital intra-and extracellular protective antioxidant which plays a key role in the control of male infertility (Luberda, 2005) . γ glutamylcysteine synthetase (γGCS) is a rate limiting enzyme in GSH synthesis. In recent years the close involvement of glutathione in selenium metabolism and bioactivity has attracted much attention. First, it is known that selenium plays a crucial role in the function of many important enzymes, such as glutathione peroxidase and thioredoxin reductase which are closely related to the antioxidant defense mechanism or cell growth regulation (Powis et al., 1997; Ganther, 1999) . Secondly, it is well understood that selenite, the most commonly used seleno organic compound, undergoes thiol dependent reduction to form selenide before being incorporated into specific selenoproteins as selenocysteine (Stadtman, 1996) . Thirdly, it has been demonstrated that reaction of selenite with reduced form of glutathione (GSH) during metabolism leads to the formation of reactive oxygen species, ROS (Shen et al., 2000) .
The transcription factors, AP1 and NFκB are sensitive to oxidants, antioxidants and the conditions which affect the intracellular redox state (Schulze Osthoff et al., 1995) . They are also associated with cellular functions of proliferation and differentiation (Pahl, 1999; Behrens et al., 2002) . Further, their activation is known to be modulated by selenium (Spyrou et al., 1995; Kim and Stadtman, 1997) . In light of these facts we examined the expression of redox sensitive transcription factors activator protein 1(AP1) and nuclear factor κB (NFκB) (Shalini and Bansal, 2005; Shalini and Bansal, 2006 ) in mice fed diets containing different Se levels and observed that the activity of both these nuclear proteins are modulated.
Redox regulation of spermatogenesis by Se thus appeared to be mediated through these transcription factors.
Although it is known that GSH is closely involved in Se metabolism and bioactivity, the exact mechanisms are still not clear. Our previous in vivo studies indicated modulation of AP1 and NFκB expression due to different Se status. To clearly ascertain these effects, in the present study, testicular cells were cultured in the presence of buthionine sulfoximine, BSO (glutathione depletor) alone and along with selenium (as sodium selenite) at concentrations of 0.5 μM and 1.5 μM.
METHODS
Testicular cell culture: Testicular cells were isolated from Balb/c mice by the method of Steinberger (1975) with minor modifications. After gently decapsulating the testis, seminiferous tubules were teased gently by pressing between two frosted slides to get a cell suspension in PBS. The suspension was then filtered through a stainless steel mesh to remove cell aggregates and tissue debris. The filtrate was centrifuged at 1000g for 10 min at 4 o C to obtain a cell pellet. The cells were suspended in DMEM supplemented with 5% FCS. Cells were counted using a haemocytometer and plated at a concentration of 0.4×10 6 cells/well. Selenium was added as sodium selenite at a final concentration of 1.5 μM or 0.5 μM either alone or together with BSO (10 nM). The cells were kept at 32 o C in a humidified atmosphere of 5% CO 2 for 4 hr. After this the cells were collected from the wells and centrifuged at 10,000g at 4 o C to obtain a pellet.
MTT assay: Cytotoxic effects of different concentrations of selenium and BSO on testicular cells were determined as a function of cellular mitochondrial activity by MTT assay (Alley et al., 1988) . To 100 μl of the supernatant added 10 μl of MTT solution (5mg/ml in 0.1M PBS; pH 7.4) and incubated in a humidified atmosphere of 5% CO 2 at 32 o C for 4 hr. After discarding the supernatant, the formazan crystals so obtained were dissolved in 200 μl of DMSO. The absorbance was read at a wavelength of 580 nm using an ELISA reader (Stat fax 325). Blanks contained DMSO only.
Determination of intracellular GSH content: The level of total and oxidized glutathione (GSSG) was measured by the fluorimetric method of Hissin and Hilf (1976) . This method is based on the principle that glutathione reacts specifically with o pthaldehyde (OPT) at pH 8 and with GSSG at pH 12 resulting in the formation of a highly fluorescent product which is activated at 350 nm with an emission at 420 nm. Reduced glutathione (GSH) levels were obtained by subtracting the values of GSSG levels from the total glutathione levels. Results were expressed as nmoles of GSH or GSSG/mg protein. Protein estimation was done according to the method of Lowry et al., (1951) .
RNA isolation and RT PCR: Total RNA was isolated from the testis using TRI reagent (RNA, DNA, and protein isolation reagent) as per manufacturer's protocol (Molecular Research Center, Inc.
Cincinnati, OH) and the quality of isolated RNA was checked on 1.2% formaldehyde agarose gel electrophoresis. PCR analyses were carried out in 50 μl using the QIAGEN one step RT PCR kit. Optimal oligonucleotide primer pairs for RT PCR were selected and are listed in Table I . Primers for PCR were designed using the Clone Manager Software. 3 μg RNA was used for each amplification reaction. After an initial denaturation step of 1 min at 94 o C, 35 amplification cycles were performed. Each cycle included an initial denaturation step at 94 o C for 45 s, annealing at 58.8 o C (cjun, cfos) and 56 o C (γGCS) for 45 s and extension at 72 o C for 45 s. A final extension step of 5 min at 72 o C was performed in order to complete the PCR reaction. The amplified product was analyzed on 1.5% agarose gel electrophoresis and densitometric analysis of the bands was done using Image J software (NIH).
Statistical analysis: The difference between the Means ± SD for control and treated groups were examined by using the Student's t test for unpaired values. Values are a mean of four independent sets of experiments. Statistical differences of p values at the level of 0.05 or less were considered significant. Densitometric analysis of bands was done by ImageJ software (NIH).
RESULTS

1) Cell Viability by MTT assay
Exposing cells to 10 nM BSO did not cause any change in the absorbance (Table II) .
Selenium (as selenite) exposure alone caused a dose dependent inhibition. It thus appears that although BSO is not cytotoxic, selenium shows dose dependent cytotoxicity. Presently, selenium was used at 0.5 μM and 1.5 μM concentration for further experiments wherein 90% cells were viable.
2) Effect of Selenium and Buthionine Sulfoximine (BSO) on Glutathione Levels
Reduced Glutathione (GSH): Exposure of testicular cells to 10 nM BSO caused a significant decrease in the GSH levels. Selenium alone also resulted in a significant decline in the levels of reduced glutathione at both the concentrations used (Table III) .
Oxidized Glutathione (GSSG): There was a significant decrease in the levels of oxidized glutathione (GSSG), when testicular cells were exposed to 10 nM BSO compared to the control cells. No change was observed in cells exposed to varying concentrations of selenium compared to the control cells or when incubated simultaneously with selenium and BSO (Table III) . Redox Ratio: No change in redox ratio was observed in the cells exposed to BSO when compared to control cells. However, selenium at a concentration of 1.5 μM significantly reduced the redox ratio of testicular cells (Table III) .
3) mRNA expression studies i)γ Glutamylcysteine synthetase (γ GCS): RT PCR products with the expected size of 346 bp were obtained (Fig. 1a) . The mRNA expression of γGCS increased significantly in testicular cells incubated with BSO as compared to the control cells. Selenium alone resulted in significant dose dependent increase in the mRNA expression of this gene compared to control cells. No change was observed when cells were co incubated with selenium and BSO compared to those incubated with selenium alone (Fig. 1b) .
ii)cjun: Bands of expected size of 723 bp were obtained for cjun (Fig. 2a) . cjun expression significantly increased in testicular cells incubated with BSO as compared to the control cells.
Selenium alone significantly increased the abundance of the transcripts for this gene in a dose dependent manner compared to the control cells. A significant decrease was observed between cells that were incubated simultaneously with selenium and BSO (1.5 μM and 0.5 μM) compared to those exposed to selenium alone (Fig. 2b) . Effect of different concentrations of selenium and BSO on reduced glutathione (GSH), oxidized glutathione (GSSG) levels and redox ratio (GSH/GSSG) in mouse testicular cells GSH and GSSG levels decreased in cells exposed to BSO while significant decrease in the cellular redox ratio was observed when incubated with 1. iii) cfos: Bands of expected size of 715 bp were obtained for cfos (Fig. 3a) . cfos expression significantly increased in testicular cells incubated with BSO as compared to the control cells.
Selenium alone caused significant increase in mRNA expression at 1.5 μM concentration compared to the control cells. A significant decrease was observed between cells that were incubated simultaneously with selenium and BSO (1.5 μM and 0.5 μM) compared to those exposed to selenium alone (Fig. 3b) . (Fig 4a) . The p65 gene expression increased significantly in testicular cells incubated with BSO as compared to the control cells. Selenium alone caused significant increase in mRNA expression at 1.5 μM concentration compared to the control cells. A significant increase was observed between cells that were incubated simultaneously with selenium and BSO (1.5 μM selenium) compared to those exposed to selenium alone (Fig 4b) .
DISCUSSION
Glutathione is the major intracellular antioxidant involved in the maintenance of the thiol moieties of proteins and reduced forms of many other molecules (Meister and Anderson, 1983; Meister, 1984) . It exerts crucial role in Se metabolism also. The activities of transcription factors AP1 (cJun, cFos) and NFκB are dependent on their cellular environment. In both these proteins oxidation of critical cysteine residues (Cys 154 in Fos, Cys 272 in Jun and Cys 62 in p50) alters their binding and activation pattern (Abate et al., 1990; Matthews et al., 1993) . Buthionine sulfoximine (BSO) is a compound that effectively retards the synthesis of gGCS and is commonly used to deplete cells of intracellular GSH (Anderson, 1998) .
Exposure of testicular cells to 10 nM BSO resulted in a significant decrease in GSH and GSSG levels. Selenium alone resulted in a dose dependent decline in the levels of reduced glutathione compared to control cells. This can be attributed to the enzyme GSH Px which uses GSH to reduce cellular peroxides consuming reduced glutathione in this process. During this process low molecular weight selenium compounds such as selenodiglutathione, other selenotrisulfides and selenides are also formed by interaction of selenium with reduced glutathione (Shen et al., 2001 ). The cellular redox ratio (GSH/ GSSG) was unaltered by BSO. On the other hand, redox ratio declined significantly in cells exposed to selenium at a concentration of 1.5 μM. This indicates that selenium acts as a pro-oxidant at this concentration and contributes towards building up of an oxidative environment.
BSO exposure increased γGCS expression. Selenite alone also caused a dose dependent increase in its expression. In general the activity of γGCS determines the rate of glutathione synthesis (Meister and Anderson, 1983 ) and the reaction is catalyzed by feedback inhibition of GSH. Exposure of rat lung/alveolar epithelial cells in vitro to oxidants such as H 2 O 2 causes an initial depletion of GSH which is concomitant with increased mRNA expression for γGCS gene (Tian et al., 1997; Rahman et al., 1998a) . Since selenite caused GSH depletion in a dose dependent manner and is also known to generate ROS, this might be responsible for the observed increase in γGCS expression.
Further, it was observed that cjun and cfos mRNA levels were elevated in BSO depleted cells. Putative AP1 sites are present in γGCS gene (Tanaka et al., 1998; Rahman et al., 1998b ) and this might be responsible for increased mRNA expression for this gene. A role of NFκB in modulation of γGCS gene expression has also been suggested. Some researchers have shown that blocking the activation of NFκB which is present at the promoter of γGCS HS gene, by various strategies prevented oxidant/cytokine induced increase in its expression in mouse endothelial cells and hepatocytes (Cai et al., 1997; Iwanga et al., 1998) . p65 mRNA expression increased presently in cells exposed to BSO. Hence, it is likely that either or both these proteins might be involved in the process resulting in increased γGCS expression.
cjun and cfos mRNA expression was induced in BSO treated cells. Intracellular glutathione levels regulate Jun and Fos induction (Bergelson et al., 1994) . Increase in the expression of cjun and cfos genes due to loss of GSH has been reported (Tormos et al., 2004) . Oguro et al., (1998) also observed that GSH depletion enhanced cJun phosphorylation and AP1 binding indicating activation of this transcription factor. Since activation of AP1 requires de novo synthesis, it is likely that this is achieved by increased expression of these genes. Selenium supplementation also led to increase in cjun (1.5 μM and 0.5 μM) and cfos (1.5 μM) expression compared to control cells but it was substantially less compared to the BSO treated cells. Enhanced transcription of cjun and cfos has been observed in rat hippocampus cells cultured along with selenium (Tian et al., 2002) . Oxidative stress generated due to high selenium levels, might be a causative factor. However when cells were co incubated with selenium and BSO, expression of both cjun and cfos decreased compared to the cells treated with selenium alone at 1.5 μM and 0.5 μM concentration. This indicates that though low levels of oxidative stress generated in by moderate doses of selenium augments the expression of cjun and cfos, a robust increase in the ROS generation caused by the dual effect high levels of selenium and glutathione depletion leads to decrease the mRNA of these genes probably due to interference with the DNA binding activity and de novo synthesis of these proteins (Morel and Barouki, 1999) . In our previous in vivo studies Se deficiency as well as excess was associated with increased lipid peroxidation and decrease in GSH levels and thus explains the observed decrease in cjun and cfos expression in both selenium-deficient and selenium-excess treated groups. The product of both these genes forms AP1 which is known to significantly affect the proliferation and differentiation functions during spermatogenesis. Our studies strongly suggest that high Se levels generate excessive ROS which instead of inducing cause repression.
BSO exposure increased p65 mRNA expression. Selenium at a concentration of 1.5 μM caused increase in p65 expression and co incubation with BSO led to further increase. NFκB is redox sensitive and is activated by ROS. Increase in ROS generation was accompanied with increase in p65 mRNA expression in some pathological conditions such as rat acute necrotizing pancreatitis (Long et al., 2005) . This indicates that increase in oxidative stress either due to BSO (decrease in GSH) or selenium supplementation (which decreases GSH and generates superoxide radical) results in increased p65 expression.
In conclusion, present study indicates that redox sensitive transcription factors AP1 and NFκB are regulated differently. Mild oxidative stress enhanced the expression of cjun, cfos. On the other hand excessive ROS accumulation caused by combined effect of selenium exposure and glutathione deficiency caused repression. The expression of NFκB p65subunit was however induced. AP1 expression is often related to cell proliferation and differentiation. This explains the reason for reduced number of spermatids and spermatozoa observed previously in our in vivo studies. Activation of NFκB is pro-apoptotic. This study clearly points out that the mechanism by which selenium is responsible for the reduced fertility involves redox sensitive signaling proteins AP1 and NFκB.
